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Abstract 
Key Performance Indicators (KPIs) are important for monitoring the performance in the industry. They can be 
used to identify poor performance and the improvement potential. KPIs can be defined for individual equipment, sub-
processes, and whole plants. Different types of performances can be measured by KPIs, for example energy, raw-
material, control & operation, maintenance, etc. 
Benchmarking KPIs with KPIs from similar equipment and plants is one method of identifying poor performing 
areas and estimating improvement potential. Actions for performance improvements can then be developed, 
prioritized and implemented based on the KPIs and the benchmarking results. An alternative to benchmarking, which 
is described in this paper, is to identify the process signals that are strongest correlated with the KPI and then change 
these process signals in the direction that improves the KPI. This method has been applied to data from a combined 
heat and power plant and a suggestion are given on how to improve boiler efficiency. 
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1. Introduction 
An industry contains numerous types of equipment and processes that are a challenge to control and 
maintain in order to achieve highest performance and profit for the plant. Key performance indicators 
(KPIs) are fundamental in measuring the performance and its progress. KPIs can provide information 
about the performance in different areas such as energy, raw-material, control & operation, maintenance, 
planning & scheduling, product quality, inventory, safety, etc. 
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In the literature different KPI related studies have been conducted, for instance [1] analysed the 
current state of the art on energy related production performance indicators to derive research gaps and 
industrial needs for equipment evaluation. Paper [2] identified indicators for reliability of a power plant, 
mostly focused on generation and transmission networks. Paper [3] established a list of performance 
indices based on benchmarking analysis of power plants in Australia. Paper [4] focused on economic 
performance indicators for power plants. Others have focused on technical performance analysis of 
energy efficiency in power plants in order to provide a guideline for different equipment [5]. Paper [6] 
identified factors for inefficiency in power plants. 
 
There are several studies that has focused on industrial energy use and energy efficiency in various 
manufacturing sectors [7-10]. There has been KPI studies that focused on the control and operation 
performance [11], maintenance efficiency [12], as well as risk and safety [13]. There do also exists a 
standard, ISO 22400 Key performance indicators for manufacturing operations management [14], which 
is mainly intended for discrete production and hence only partly useful for continuous production as in 
process industry and utilities. 
 
Many industries still lack appropriate guidelines on how to measure and improve their performance. 
Here different types of KPIs are proposed that are able to measure and track different types of 
performance in the plant. A method that is able to improve the KPIs, i.e. plant performance, is also 
presented and illustrated in a case study on a combined heat and power plant. 
 
2. Key performance indicators (KPIs) 
The reason for low performance is waste in different forms. By identifying the waste and 
implementing actions that reduces waste improves performance. Waste exists in different forms, for 
example energy, raw-materials, downtime, operation, maintenance, quality, etc. Below follows examples 
of KPIs from different areas that can be used to measure performance and identify waste. 
 
The following KPIs are examples, many more are of course possible. This is a list to find inspiration 
from. The units of the KPIs are only important to keep track of when the KPIs are used for benchmarking 
in order to use the same units in the comparison. If a KPI only will be used to track trends and find 
correlated process signals from, then units are less or not important. 
 
Most of the KPIs can be applied to individual equipment, sub-processes, and whole plants. 
 
2.1 Energy KPIs 
The energy could be in different forms for example electricity, gas, coal, oil, biomass, steam, etc. The 
produced output could e.g. be in units of tons/h, m3/h, units/h, etc. 
x Energy output / Energy input 
x Energy input / Produced output 
 
2.2 Raw-material KPIs 
Raw-materials may not only be the main raw-material for a plant, it could also be water, chemicals, 
etc. 
x Raw-material input / Produced output 
x Emission / Produced output 
x Waste deposit / Produced output 
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2.3 Operation KPIs 
The main Operation KPI is the Overall Equipment Effectiveness (OEE) [15] and its individual parts. 
x OEE 
x Percentage of scheduled operation time, over a time period, e.g. a day, week, month, etc. 
x Percentage of actual uptime of the scheduled time, over a time period. 
x Percentage of production rate of max rate for produced product type, over a time period. 
x Percentage of full quality products of the production, over a time period. 
 
2.4 Control performance KPIs 
Control performance may influence product quality, production speed, equipment wear, etc. 
x Number of control loops in manual mode / total number of control loops 
x Variance of control error (set-point – measured value) 
x Settling time after a set-point change 
 
2.5 Maintenance KPIs 
Too little maintenance causes an excessive number of unplanned stops resulting in lost production and 
emergency maintenance. Too much maintenance causes large maintenance costs and lost production 
during each planned maintenance. 
x Maintenance costs / Produced output over a time period. 
x Maintenance time / Produced output over a time period. 
x Number of alarms over a time period. 
x Same KPIs as for Operation KPIs and some of the Equipment KPIs presented below. 
 
2.6 Planning KPI 
Planning and scheduling impacts how well plant capacity is utilized. Since deriving the optimal 
production plan and comparing it with actual production, is not within the scope of the KPI calculations. 
Instead a KPI based on adherence to plan is suggested. 
x Integrated sum of only positive values of (planned – actual production) over a time period. 
This KPI is not improved if production catches up later. 
 
2.7 Inventory and buffer utilization KPIs 
Large inventories are expensive, too small inventories may cause production disturbances. Buffer tanks 
should dampen disturbances, if they don’t they are either used in the wrong way or they could be replaced 
by a pipe. 
x Throughput rate / Average Inventory 
x Variance of buffer level 
x Share of time buffer level is > 95% or <5% over a time period. 
 
2.8 Equipment KPIs 
These KPIs can be used to follow the condition of equipment and in some cases also predict when 
maintenance will be required. 
x Different types of efficiencies e.g. heat transfer rate of heat exchangers, pump/fan efficiency, 
drying efficiency, etc. 
x Equipment wear (based on e.g. operating hours, speed, load, startups). 
o Number of valve openings for a valve or total valve opening travel distance. 
x Vibration amplitude of an equipment. 
x Measured - Predicted performance 
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3. Methodology  
The method presented here is based on identifying process signals or combinations of process signals 
that are strongly correlated with the KPI of interest. The KPI is then improved by changing the correlated 
process signals in the direction that improves the KPI. 
 
A simple example illustrates the method. Let a KPI be a flow rate, then we may find that a valve 
opening is strongly correlated with the flow rate. Hence this KPI can be improved by increasing the valve 
opening. Sometimes the method requires more work by the user, for example, if the flow rate controls a 
cooling process and we find that outdoor temperature is strongly correlated with the flow rate. Since we 
can’t change the outdoor temperature we have to look for other correlated signals, and maybe also log 
more signals in order to find correlated process signals or combinations of process signals that are able to 
improve the KPI. 
 
The method works as follows: 
x  Select signals to log. It is better to select too many than too few signals. Select for example all 
signals related to a sub-process or sub-plant depending on KPI. 
x  Download historical data from e.g. the last six months with 1 hour sampling rate (1 hour 
average). The length of the data and sampling time may of course vary depending on type of 
KPI and plant dynamics. 
x  Remove signals with zero standard deviation. Remove data in all signals for time periods when 
the plant is shut down or are working under abnormal conditions. 
x  Calculate the KPI of interest from historical data. 
x  Search for signals or signal combinations in historical data that are strongly correlated with the 
KPI. Note these signals have to be possible to change.  
x  Change these process signals in the direction that the KPI improves, and verify the 
improvement. If no improvement then try the signal(s) that are next best correlated. 
 
The signals are collected from historical data, logged at normal operation and/or during experiments 
that introduces additional excitation. Control loops with constant set-points, where the controlled signal is 
likely to influence the KPI, may have to be excited in experiments in order to find out if and how the 
signal impacts the KPI. However, if the controller tuning is poor and there are sufficiently large excitation 
in the signal, it may be possible to make a conclusion of the signal influence without exciting the 
controller set-point. 
To find the signals or signal combination with strongest correlation to the KPI, all possible signals or 
signal combinations in the logged data have to be evaluated. This is done by using eq. (1). 
 
                (1) 
 
Where F(c) in (1) is calculated for each signal combination. The smallest F(c) identifies the signal 
combination with strongest correlation to the KPI. The process signals y(t) are applied in the function 
f(y(t),c), which is given by the user where t is the discrete time with samples from 1 to N. The scaling 
parameters c in the function f are determined by minimizing the sum of square errors (=F(c)) between the 
KPI and the function f. In (2) an example is given where f is a linear function of two signals ya and yb. A 
linear function is normally sufficient. 
 
               (2) 
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More than two signals are of course possible to use, but it may generate very many combinations to 
evaluate. Non-linear functions f of y are also possible. 
 
Note, the strongly correlated signals with the KPI have to be possible to change, i.e. the signals must 
be related to a control loop or they must be possible to change manually without causing negative impact 
on production or safety. Also note that the same set-point that improves one KPI may deteriorate another 
KPI. Some changes of set-points may also not be possible since they violate constraints in the plant. 
 
4. Case study and result 
The goal of this case study was to improve boiler efficiency in a combined heat and power plant that 
utilizes municipal solid waste as the fuel. Here we have defined the boiler efficiency KPI as flow rate of 
main steam [kg/s] / power in fuel [MW]. In Figure 1 (left), a plot of the KPI together with the best 
prediction is presented. Note that this boiler efficiency varies from 0.31 to 0.35, a large difference. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Left: KPI based on “Flow rate of main steam / Power in fuel” plotted over time, and the best prediction of the KPI. 
Right: Signals used in the prediction of the KPI (boiler efficiency).
Applying (2) to our logged data and searching for smallest F(c) gave the following signal combination 
 
          f(y,c) = c1 *(Sec. air upper front wall) + c2 *(Temperature main steam) + c3 
 
where c1, c2 and c3 are identified constants. The signals with the best fit are shown in Figure 1 (right). 
Hence a reducing secondary air flow at upper front wall is likely to improve our boiler efficiency KPI. 
Decreasing main steam temperature is not an option despite it is correlated with our KPI. This result 
needs however to be verified in further experiments, since the difference between measured and predicted 
KPI could have been smaller, and even if the difference was smaller, the causality between the KPI and 
the signals has to be verified. 
 
Conclusions 
     Different types of KPIs that measures energy-, raw-material-, maintenance-, control-performance, etc. 
in the industry have been suggested. A method that improves the performance in the industry was also 
presented. The method is based on identifying the process signals or combinations of process signals that 
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have the strongest correlation with the KPI. These process signals are then changed in the direction that 
they improve the KPI. The process signals are normally changed by changing the set-points in 
corresponding controllers. The method uses logged data from normal operation to calculate the KPIs. If 
the excitation in the normal data is low, experiments that increases the excitation have to be done.  
The method has been applied to data from a combined heat and power plant and a suggestion has been 
given on how to improve boiler efficiency by reducing the secondary air flow at upper front wall. 
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